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Intr odu〔汁ion
One of the targets for a n 8 ntifu ngal/antib&cte-
ria1 Substa nces a ctivity is the lipidm atrix of fungi
or ba cteria cell
.
ln the no r m al, u n m odified State,
the lipidm atrix(phospholipid bilay町) of the c811
m e mbr8 n 色Sis aperfect electric al ins ulator. C apable
of with畠tanding electricfield aBhigh aslOOOOv/cn
witho ut n otice able charlge8. Me mbr a nepotential iB
m mitain ed due to fu nctio nl ng Of BPeCi81 integr al
m em braln eprotein 8tru Cture8-io n cha nnels Sele ctively
per m e able forpotassiu m or s odhl mio n s.
An effective a nti･fu ng&1 agent c a ndra stic ally
alter the io nbala ncebetw ee nthe inside arid otlt8ide
of the cell form ing addit o n al pathw ays in the cell
m em br a ne fo rio n8by forr n l ng io n chan nels, o r
a cting a 8 a nion c a rierthr ough the m e mbr a ne, or
w orkiTlg a白 Pr OtO n Opho re- u n c o tlpler of o xidative
pho 畠phorylatio nin mito chotld mi. . T he lipidm atrix
of cellm e mbra nesi8 Chara cteriB ed by a Set Ofphy-
sical
,
electr ochemic al properties･ It is, a s alre ady
m e ntio ned, a･ v ery go od electric al instllator, with
un lqtle m 8 Cha nicaLl pr operti臥 For ex a mple, the
dyn amic Yo uTlg
`
s m odtlu B Df this liquid
closetO that of high qtlality steel. T his
physic al backgrounds of Japa ne s e c ar8te.
pote ntially activ e a nti･ microbial agent
crystal is
iB O ne Of
No w, a ny
ca n lこill
fu ngi o r bacteria altering the physic o-chemic alstate
of the m em bra n epho spholipid bilayer to be co m e
the unfavotlr able for the surviv al of the ftl ngi o r
bacteria
.
Phar m a cologic ally active substa n ces c a n
cha･nge m e mbra n e c o nducta nce, electrical stlrface
charge of the m e mbra n einte rfac e s Or they c a n
cha nge the visco sity of the lipid bilayer, In the
gener al c aseo ne m e mbrane 8Ctiv e 8 ubstan ce can
alterthe all physic o･chemic81chara cte ri8tics of the
lipid bil色yer.
No w it cl飽 r Whythe m ethod of m odelm ernbr a neB.
bilayerlipidm e mbr an es(B L M)is a go od to ol for
studying m olecular m ech& nism s of 8CtiorL Of a nti.
fu ngal o r & ntibacterial agent占. T his is 8 m ethod,
which can be u88d als ofor oper ative scr 朗 nlng Of
large n u mbers of v ario us phar m ace utic ally intere･
Sting s ub8ta nCe8priorto arlim &1 a nd clinical te8t8.
thtlS S a Vlng tim e a nd 8Ⅹperim erltal a nim als in th8
process Of 昌electing a nd de8igJling n ew effective
dn lgS･ lt i= m ethod, of which the f dlpote ntial
is yet to be ap preciated by phar m 8C OloglC81 in stitⅦ -
te且 & nd by re狩 arCher白in the fieldof drug design .
Th8r e are m any re vie w 占in the literatu re about
e=perim eJltS with lip d bilayer m ◎mbr & n郎 and
tr a nsporte r m odels(seefor e x am pleFlo, 12, 1B, and
14]
Typ8S Of m odel m embr a n es
T here a r e 畠eV ral ty pes Of m odel bilay8r lipid
m embra nes- B L M, o r r ather. there are s e v e r al
m ethods used for form atio n of BL M. Historic ally,
Mtleller[15,16コdeveloped the first prO C edtlrefo r
the fo rm atio n of m echa nical 1y 昌table BI.M . T hese
first B L Mw er e form ed fro m pho畠PholipidB extra -
cted fro m o ヱ brain
.
Later, phospholipids fro m hen
eg gs, fro m昌Oya be ans and other s o u r c e sdis8 01v ed
in N･decan e w e r e suc c es Bfuuy tlSed for this pu rpos e
[7コ. B L Min Mueller`s method are for med ｡ n a
circular aPCrture with a diam eter abotlt 1 m m (or
less)in a Teflon cylinderim rn er8 ed in an aqtleOuS
electr olyte e. a. 100 m M K Cl. Tw o volu me s of the
electrolyte･ electrically is ohted by B L Mfro m ea ch
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otller, m odel the in ner a nd o uter m edium of biolo -
gic al collB, To for mthe B L Ma S m alla mo u nt of
pho8Pholipid8 dissc-1ved in N-deca ne iB bru shed ov8r
the circll a r ape rttlT¢ in a Teflo n cylinde r･ At the
Sta rting stage a c olo ured lip d film of abo ut300n m
in thickness iEiform ed
.
T he nthis film thins dow n
by itselfto a stable 占tate Ofabotlt7n min thickn e s s,
beco me8 C O mpletely tran spa r ent:
”
bla ck
.
lipid m e-
m bra n e
カ
ー
けbilayer lipid m e mbr ane
”
or BIJM .
Cre ated in this W ay BtlCh a phospholipid I)ilayeris
a go od m odel of the lipidm atrix of･the biologic al
cells. M a ny cla s sical w o rks w er e p8rform ed with
this ty pe OfB L M[1, 2, 3, 6, 8, 9, 12L
日o w ev e r, thou gh
” M11eller
”
m e nbra n e s且r e go od
m odels of cellm e mbr a nesthere is o ne exc eption -
th8y c ontain up to lO% of the solvent t18ed fordi-
ss olving pho8pholipids(N-dec且n e Or heptan e)in
addition to the lipids. This fact diBtinglli8heβthe m
fro m c ellm e mbranes.
M onta11 BLM[17]repre se nt a n otherty pe ofr nodel
m embranes;they do not c o ntain any 白01v ent. So m e-
tim e theselipid bilayer畠 are C alled
”
dry m e mbr a n 色白
”
.
T hey･arebetter m ode18 0f cellm e mbra nes. B riefly,
the pr ocess of for m atio n ofthe M o nt811m 8rnbrane 8
i与 a占 fo11ow lng . T he m e mbra n eis fo rm ed o n a
drctlhr hole(aperttLre)with dia m ete r of abo ut30I
200 micr opeterin aTeflo n fi lmof 100mic r o m 8ter S
in thickneB8. Lipids, dis8 01v ed in hex a ne are pla c ed
o n 811rfa ce of the w ater 818CtrOlyte s at both sides
of the Teflon fi lm. Unifo r皿 m OJI Ol乱yer lipid film s
a rk form ed at the Water - air bo u ndary when
:
the
he xa n eis com pletely e v apor ated. At the n e xt stage
the level of･ the electrolyte a.t o n eside of the
T8flo11film is lo w ered to the lev el belo w the hole
in the Teflon fi lma nd the n r aised again to the
sta rting le vel abo ve the hple. During this.Proc e s s
the hole is exposed to air fo r a Sho rt tim e. The
BLM on the circtllar aperttlr e(hole)is for m ed
du ring the8edow n-a nd tip m ov em ents Of the level
of the ele ctrolyte in o ne of the cha mber s. T hefirst
m onolayer of the BLM is form ed in the pro c 8 S $ Of
do w n w ard m ove m ent of the ele ctr olyte le vel with
lipidm onolayer on top Qf it, a nd the Seco nd m o no-
1ayer of the bilay8r is added to thefirst One during
the upw ard di阜p18Cem ent Of the electrolyte lev el in
the cha mbe r.
And la stly, the r eis a specialc onstr uction of B L M
when B L M i8 for m ed at the tip of a glaB8 mic ro-
electrode lSually u sed in the patch- cla mp, Nobel
Prize win ning m ethodEZ]. It sho uld be m erltion8d
that the electronic eqllipm ent u s ed in the B L M
m 8thod i占 ba 6ic ally the S a m e 8.S that used in the
patch-clam p m ethod.
Te sting a s ubstanc efo rinte r a ction with B L M
No w, l㊤t m e briefly to m e ntio nthe 如eps or a n
experim entaLl pr oc8du re. which is u sed forlo okizlg
for the rn olecular m echanis m of a n arLtifu ngal/
a ntiba cterial activity of a drug , T here ar e tw o
m ajorpar･ts to the pro c 朗 S. 1n the fir8t Stage Of
the experim ent an a ntifu ngalaLge nt is tested fo r a
gen8ral, Sb c alled integral, r n 8 mbra n e activity. Here
the qu estio nis to be a n s w ered:
''Do esthe 喝 e nt
alteI㌧ incr ease- B L Mcond11CtanC8 0r not. For s u ch
ty pe畠 Of te畠ting a rohtiv ely high co nco ntr atio n(10-
100 micr om olar, o r0, 1･ 1 mg/ ml of the stlbsta n ce)
is ap plied. Practic ally, m ode m B L M equipm e nt
allo w 白the testing of abo ut10-lOOdiffere nt B ub8ta･
n c e 6by one w orker perday.
At the 昌e C O rld 8t喝 e Of the stlldies, m e mbr an e
active 8 ub8t& nCeB 8 elected in the first part Of w ork
are 畠ubjectQd to detailed &tudi臥 A8 m e ntio ned
abo ve, the Btlb昌ta n C8 Ca n alter the electrical pr ope･
rties of the B L M, a cting a.s a n el ctricalshu ntdtle
to its ability to ca r ry ele ctrical charge thro ugh
the hydr ophobic interio r of the lipid7n e nbrane
bec a u s et･he substanc e, at a give npE, ca nbe either
an o rganic a nio n 8.ら tetraphenylbo rate [18], or
c8tion a stetr aphenylphosphoniym iorl[4]. Both
are ve ry easily B Oltlb18 in the hydroc a rbon interio r
of the lipid m e mbr a ne. T herefo rethe electric8.I
r e sistanc e of the me mbra n ei昌 decre a B ed a nd the
m em br ane in the pre s e n c e of this SubstaJIC eis n o
lo nger a good electrica.I in mlato r, 8 0 n O n o r mal
electrical poteTltial of the c ell m e mbran e can be
m aintained.
Sec o ndly, the membra n e active agent c an a ct a8
a proton ophore ca r ryl ng protons a C r O S 畠the rne n-
br a 皿ee. a. the w ellkno w n cla畠畠ic 且1 unc o upler of
oxidativephospho rylatio n - c arbo nyl cyanide Tn- Chlo -
r ophenylhydrazon (C C C P)【19] act畠 in his m a nner
by strongly r edtl Cing pH gr adient of the ceu m em -
br a ne.
T hirdly, the agent can w ork like a m obile ion -
car rie r throughthe me mbr a ne, s uch a白 the highly
selective potassiu m car rier v alino mycin[8, 9].
Lastly, a n a.ntifu ngal substa n c ec a n a ct o n the
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m e mbr an e fo rmir噂 io n cha n nels within it. Good
e x a mple is am phote ricin B cha n nels fo rm ed by this
antifu ngal polye ne antibiotic in ch()le ster ol co n･
taining lipidbilaye r s[1,2, 3, 6]. T hi畠 1ast cas e of
m e mbr a n e activity or a s ubstance is m o st tnt,e r e s-
ting, bec au s ethe m oder n ele ctr o nic techniqu e tl占Cd
in the v oltage -cla mp 8 Xperirnents is ap plic able here
fo r re co rdillgS Of single)- chann el c urrents . The te ch-
nique allow sthe obs erv ati()A or the dyn amic beha-
vio ur of a single m olecular Str uCture･ 1,he ion
chann el in re al tim e. T he infor m ation obtained in
this kind of e xperim ents is e叩eCially irltereSting
bec a useit c a nbe directly lJSed by fo r w o rk in
phar m ac ologic allabor atorie sin the fieldof dr ug
design. Thu sit w asdiscovered that the a ntifu ng81
polye ne a ntibiotic nystatin fo rm sio n chan rl els in
m e mbra nes[3]but its d8riv ativ e･ m o18Ctlle witho ut
hemi ketal ring in its str ucture do es n ot fo r mio n
chan nel白 and is phar m a cologic ally In active, Similar
res ults w er e obtained with otherpolye n e a ntibiotic -
r ofla myc oin[20].
Now s om e w ords abo ut the details of m e mbra ne
e xperim e nts with chann el-fo rming s ubstanc es. T he
standard S et Of pa r a m eters registeredin the e xperi-
m e nts in clnde畠:1)& mplit11de coTlducta nce of theio n
chann el, 2)dw elltim es in the ope n a nd closed 8ta-
tes of the cha n n el, 3)io n s el ctivity of the cha nn el
and in addit o n so m etim e substanc es Which block
the cl旭 n nel arefo und[21].
Especially intere sting c aBe畠 are Whe nthose s8t
of data is obtained fo rs everal ho mologo u sagents,
fo r e x a mple polye ne antibiotics[6] or poly peptide
a ntibiotics[7], differing by min or cha ngesin the
ato mic architecture of the m ole cule for m lng theio n
cha nn el. T hen itis possible to observ e a c o r r elatio n
betw ee n cha n nel chara cteriさticB(its co nductance,
dw elltim e白in the open a nd cloBed 畠tateS, its ion
s electivity and so o∫l)a nd the m olec ular alter ations
in the str u cture of the cha nneトfor m er . No w it is
bec o ml ng posible to u nder stand in what directio n
the pro c e ss of m olecular de sigrL Sho uld proceed
with the aim of a chieving higher c o nductarlCe Of
the chan nel a nd lo ngerdtlr ation of the ope n state .
There is a stro ng e vide nc ethat incr ea s eea ch of
the se pa raⅡ1 ete r畠 re S ults in higher a ntimicrobi8.1
effect of the ne wly designed agent
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